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学位論文内容の要旨
Homeostasisofoxidative(redox)processesisquintessentialtothemaintenanceofcelularphysiologiCalactivties.hthe
environment,amyriadofanthropogenicalyproducedchemicaltoxicants,contributestofactorslikeUVradiation,02,03among
others,tothealterationofredoxhomeostasis.Thereisplentyofevidencelinkingabnormalchangesofredoxpotentialtoeventsthat
leadtothedamageofcelularstructuresandultimatelytoceldeath.Redox-senslng,Whichiscarriedoutwithspecifcalydesigned
GFPproteinsiscurrentlyanexpanding丘eldwithapplicationsinresearchareaslikeplantandmedicalsciences.However,the
conceptofusingredoxISenSlngexpressingOrganismsinmainstreamregulatoryapplications,likeenvironmentalmonitonng,hasnot
yetbeenexplored.
ConstitutiveexpressionofroGFP2inbacteriaclasheswiththewidelyacceptedconceptofwhole-celbiosensor,which
generalyexempliGesbacteriawithapromoter/reporter(bioreporter)systemandimpliesthatameasurablesignalshouldbeatained
a洗erexpressionproteininquestion.Theredox-sensing-basedsystemprovidesameasurablesignalstraightforwardlyandalso,
becausethenatureoftheresponseisbasedonconformationalchangesoftheprotein,theanalysistimeisslgni丘Cantlyreducedwhen
comparedtopromoter/reporterbiosensorsystems.
Usingacommonmechanisminanatempttouniversalizethedetectionoftoxicefectsofchemicalsiscom onplacein
environmentalscience,withtheMicrotox@,asthebacterialparadigm.Likewise,ourinitialhypothesisapproachedtheconceptof
universalizingoxidativestresstoevaluateinafast,high-throughputandprecisefashion,thesmalestalterationsintheredoxpotential_
Initialy,statisticalanalysisdemonstratedthatEC(Efectiveconcentration)wouldnotbeusable,asa"maximumHconcentration
wouldalsoelicitareductionofthenetfluorescencebymeansofcytotoxicefects.
Lowestobservableefectconcentrations(LOECs)seemmoreappropriateasendpointvaluesastheywouldexpressthe
minimalshiftskomthecelularhomeostaticconditionsinducedinanoxidizingenvironment.Thisprovidesareasonlngbasisofwhy
corelationswereperformedbasedonLOECvalues.Moreover,despitethestillowerR2(～0.5)fororganicchemicals,theresults
pointthewaytoapreferenceforcompounds/mixtureswithnothiophilicacdvity,whereinterferenceactivtyofheavymetalstowards
roGFP2waspointedout･Itishighlypossiblethatadditionofmoreorganic-Compoundendpointswouldincreaselinearcorrelation
betweentoxicityandoxidation.
Theresultsobtainedforstructurallyslmi1argroupssuchascalcogensandPAHsfurtherindicatethatthepathtoestablishthe
E.coli-roGFP2biosensorintoastandardizedbioassaywouldrequlremoreChemical-basedstructuraldiferentiationsbasedon
oxidativepatemsand/ortoxicityendpoints.
As afinalprospect,futureresearchshouldfocusontheincreasingtheviabilityofcelsinordertoprovidelongerintervals
wherereadingswilnotbeafectedbyauto-oxidation.Initialresultshaveprovidedinsightsonim obilizationofce]1sontoan
agarose-basedmatrix,withsuccessfulevaluationofoxidationbystandardslikeH202withslightlyincreaseddetectiontimes,butwith
unchangedauto-0xidationrates.
h conclusion,theE･coli-roGFP2biosensorholdsthepotentialtobecomeastandardizedsystem fortheevaluationof
oxidativestress.Accesstoavarietytoenvironmentalsamplesshou】dalsoprovideenough standardizationdatatoevaluateitsuseina
regulatory舟amework.
論文審査結果の要旨
環境中にはさまざまな有毒有害物質が存在する｡その定量には機器分析による方法とバイオアッセイによ
る方法とがある｡本研究では蛍光タンパク質roGFPを定常発現している大腸菌を用いてハイスループットの新
しいバイオアッサェイ技術の開発に取り組んだ｡多くの毒物は細胞内で酸化ストレスを介して細胞に傷害を
与えると考えられている｡roGFPは酸化還元状態に応じて蛍光スペクトルが変化し､その変化は400nm と490
nmの蛍光強度比の値で定量化できる｡本研究ではroGFPを定常発現している生きた大腸菌を用いて､さまざ
ま有毒有害物質が数十秒から数分の間で蛍光変化させること､すなわちきわめて迅速に細胞内の還元状態の
変化をモニターできることを始めて明らかにした｡また多くの有毒有害物質に対して検出感度も十分に高い
ことを示し､またモバイルセンサー化-向けて細胞をゲルで固定化した基礎実験もおこなった｡このような
博士論文内容について議論した結果､本件は審査基準を満たしており､その内容は博士に値するものである
との結論を得た｡また論文発表と発表後の質疑応答についても問題は兄いだされなかった｡したがって最終
試験の結果として､博士号に相当すると結論した｡
